The current literature suggests that perioperative complications occur in 8%-10% of all inguinal hernia repairs. However, the clinical relevance of these complications is currently unknown. In our review, based on 571,445 hernia repairs reported in 39 publications, we identified the following potential risk factors: patient age, ASA score, diabetes, smoking, mode of admission (emergency vs. elective surgery), surgery in low resource settings, type of anesthesia, and (in men) bilateral and sliding hernias. The most commonly reported complications are bleeding (0.9%), wound infection (0.5%), and pulmonary and cardiovascular complications (0.2%). In 3.9% of the included publications, a reliable grading of the reported complications according to Clavien-Dindo classification was possible. Using this classification retrospectively, we could show that, in patients with complications, these are clinically relevant for about 22% of these patients (Clavien-Dindo grade ≥ IIIa). About 78% of all patients suffered from complications needing only minor (meaning mostly medical) intervention (Clavien-Dindo grade < III). Especially with regard to the low incidence of complications in inguinal hernia repair, future studies should use the Clavien-Dindo classification to achieve better comparability between studies, thus enabling better correlation with potential risk factors.
Introduction
For men, there is a lifelong risk of contracting an inguinal or femoral hernia of 27%-43%. For women, there is a risk of 3%-6% [1] . Throughout the world, about 20 million inguinal hernia repairs are performed every year. Thus, inguinal hernia repair is one of the most frequently performed surgeries worldwide. Although three professional societies have developed guidelines for the treatment of inguinal hernia [2] [3] [4] , no consensus has been reached with regard to a standardized therapy. Since the introduction of mesh augmentation in hernia repair, a multitude of techniques have developed, each with respective inherent risk factors. In this context, complications are defined as an uncommon course of disease accompanied by particular symptoms. Complications may develop due to an underlying illness and/or due to the treatment of the disease. The severity of the complications may be classified using the seven-point Clavien-Dindo classification scale [5] . The scale is patient-oriented and uses the most important clinical consequences impacting the course of treatment. Most of the studies in this review do not use the classification.
An overview of complications occurring perioperatively in inguinal hernia repair might best be achieved using registry data. The Swedish Hernia Registry, for instance, reports an overall complication rate of about 8% [6] . This is in line with Polak and Nyhus [7] . However, there is still some ambiguity with regard to the actual incidences of specific complications. For instance, a newly published review reports incidence rates for wound infection after hernia surgery of 2.4%, which is about twice as high as the incidence rate published in the Swedish registry and almost 10 times higher than the reports of the German Herniamed Registry [6, 8, 9] .
Light or severe complications are often not clearly defined. For instance, seromas are mostly regarded as low-grade, common complications, whereas intraoperative or postoperative bleeding of anticoagulated patients may lead to major complications, including death [10] . Therefore, the aim of this systematic review is to offer an overview on potential risk factors with regard to the Clavien-Dindo classification.
Materials and methods
Laparoendoscopic hernia surgery was established in the early 1990s. Case reports and studies dating back to this time were not included in this review due to the general learning curve for those techniques. Only actual evidence on complication potential was considered here. We conducted a literature search as described in Figure 1 . All publications reporting perioperative outcome in relation to the specified risk factors in elective and emergency inguinal hernia repair were included. All reports concerning only chronic groin pain, which is often classified as a postoperative complication, were excluded.
Overall, 39 reports were found to be relevant to the research question. Of these, 3 were randomized controlled trials [11] [12] [13] , 5 were prospective studies [14] [15] [16] [17] [18] , 4 were case reports [10, [19] [20] [21] , 25 were retrospective (registry) studies , and 2 were meta-analyses [47, 48] . Risk factors were identified. In addition, incidence rates were analyzed for various types of complications in 17 of the studies [11, 13, 15, 16, 18-20, 22, 24, 26, 29, 32, 36-38, 44] ; if possible, the complications reported in the included studies were graded with regard to the ClavienDindo classification. Not all complications summarized here were reported in all of the studies. In addition, the amount of complications ranged from 1 to more than 4000 in the respective studies. For better comparison between studies, a weighting had to be implemented. Therefore, to normalize all data, the number of each respective complication reported was divided by the number of all complications reported in the respective study. The thusly calculated ratios were summed up over for each respective complication for all studies the respective complication was reported in. For example, Hellspong et al. [32] reported 2657 bleedings and 4744 complications overall, giving a ratio of 0.56. Mayer et al. [37] reported 203 bleedings and 934 complications overall, giving a ratio of 0.22. The sum of both ratios is 0.78. This method was used for all complications mentioned in all 18 studies.
Results

Analysis of risk factors and overall complication rate
In 39 studies, data of 571,445 hernia repairs were evaluated. The following risk factors for perioperative complications in inguinal hernia were identified: patient age [37, 41] , ASA score [37] , diabetes [32] , smoking [35, 36] , mode of admission (emergency vs. elective surgery) [39, 45] , surgery in low resource settings [48] , type of anesthesia [25, 39] , and (in men) bilateral hernia [33, 39] and sliding hernia [30, 39] .
Overall, 16,482 (2.9%) perioperative complications were reported. Of these, 23 were deaths corresponding to Clavien-Dindo grade V (0.004%). In low resource settings, the risk of death increases to 0.49%, thus being about 100 times higher than in developed countries. In sub-Saharan Africa, the risk of death even reaches 2.5% [48] .
Analysis of specific complications
For further analysis, only one publication each concerning data from the Swedish registry and Herniamed was used. Thus, using the same patient collective, more than once was avoided.
More specific information on the actual type of complication was given only in 17 of 39 studies with 345,746 of 571,445 hernia repairs. Overall incidence rates for other complications range between 0.0003% (bowel obstruction) and 0.86% (bleeding). The most commonly reported complications were bleeding, wound infection, and pulmonary and cardiovascular complications (see Figure 2) .
Grading according to Clavien-Dindo classification
Of the 16,482 complications, 651 (3.9%) were reliably classifiable according to Clavien-Dindo (see Figure 3) . Clinically relevant complications include only grades IIIa to IV. Therefore, grades I and II were analyzed collectively. Grade V was already analyzed as mentioned above. Most reported incidences could be classified as Clavien-Dindo grades I and II (75%), indicating the need for only minor (mostly medical) intervention. Grade III, defined as requiring surgical, endoscopic, or radiological intervention, was needed in 21.5% of all cases. Only 0.2% of all reported complications were classified as life-threatening complications (grade IV).
Discussion
The risk of death as the most severe complication in inguinal hernia repair has an incidence of 0.004%, which is very low in developed countries. However, it may be up to 100 times higher in undeveloped countries. Incidence rates for specific perioperative complications are very low in our review (2.9% in this review and about 8% in the Swedish Hernia registry). We only regarded perioperative complications in this review. Therefore, we did not include chronic groin pain in our analysis, which is a commonly reported complication after inguinal hernia repair, explaining our relatively low overall complication rate. However, the aim of this review was not to evaluate the overall complication rate, as the focus was more on evaluating typical perioperative complications, calculating the potential impact of those complications on the patients' treatment, and identifying risk factors associated with the respective complications.
Our literature review shows that overall complication rates in inguinal hernia repair are low. However, we could identify risk factors for perioperative complications. For example, according to Nilsson et al. [39] , the most relevant risk factors for 30-day morbidity after hernia repair are localization of the hernia (femoral vs. inguinal), patient age, ASA score, mode of admission (emergency vs. elective surgery), and type of anesthesia. In the Swedish registry, emergency surgery was more frequent in women compared to men (17 vs. 5%). For women, femoral hernia had occurred in 23% (2670 of 11.623) of all cases, whereas femoral hernia occurred only in 1% (1324 of 128.944) of all surgeries in men. For men, bilateral and sliding hernias pose an increased risk for complications.
Patients > 60 years old with emergency surgery show a significantly higher risk for cardiovascular complications within the first 30 days after surgery. Incidence rates of cardiovascular complications in our review (0.21% of all complications) are in line with the data from the Swedish registry (0.3-2.3%). Our data suggest that pulmonary and cardiovascular complications are among the five most frequent perioperative complications.
Wound infection rate in low-risk environments are reported to be less than 5%. For patients with high comorbidity, the risk may rise to 8.7%. The most important risk factor for wound infection is bilateral surgery. Overall, there is some ambiguity in the data to that regard. For example, in the Swedish registry, 96% of all inguinal hernia repairs conducted in Sweden are documented. The registry data show that the postoperative infection rate is 1.2% in men and 1.5% in women. In the German Herniamed Registry, infections occur in 0.2% of all laparoendoscopic cases and in 0.6% of all open repairs. However, in Sweden, only 5.6% of the patients receive antibiotic prophylaxis, whereas in Germany 70% of all patients scheduled for inguinal hernia repair receive antibiotics [49] . In our review, 0.5% of all reported complications concern wound infection, which is in line with the German Herniamed Registry.
In the literature, complications after transabdominal preperitoneal (TAPP) repair range between 1.2% and 49% (median 11.4%). For totally extraperitoneal (TEP), the results are similar (1.3-50.3%; median 12.5%). Registry studies report lower complication rates for TAPP and TEP. The overall complication rate in the Herniamed registry is higher for TAPP (5.4%) than for TEP (2.9%) contrary to the Swiss Hernia Registry (TAPP 1.7% vs. TEP 4.2%) [28] . The incidence rate for visceral complications (e.g. puncture of the bladder or bowel) after TEP or TAPP is very low (0.2% and 0.6%, respectively). Bladder or bowel injury occurred in 0.3% (29 of 10,887) of all cases after TAPP and in 0.1% (7 of 6700) after TEP [9] . Irrespective of the surgery technique, we observed an incidence rate for visceral injury in 0.1% of all cases.
Bleeding occurred more often in TEP than in TAPP (0.41% vs. 0.28) [50] . Including open repair, we detected a higher risk for bleeding of 0.9%. This observation is in line with published registry data [51] .
Like every review, this review is limited due to incomplete reports in the publications and by missing definitions. For instance, we completely disregarded chronic groin pain in this review, because definition as well as the type of pain measurement are very heterogeneous. A newly published study evaluating pain measurement procedures after inguinal hernia repair [52] shows that 22 different definitions of pain were used in 48 studies. For the measurement of pain, 53 studies used 33 different procedures. Thus, developing reliable recommendations for preventive measures against chronic groin pain is very difficult.
By graduating the complications according to the Clavien-Dindo classification, we could quantify the amount of clinically relevant complications. Overall, the risk for complications in inguinal hernia repair is low (2.9-8%). If complications occur, then in 78% of all cases they are manageable by conservative means (Clavien-Dindo grades I and II). Conversely, postoperative intervention was needed in 22% of all classifiable cases (Clavien-Dindo grade ≥ III). To our knowledge, routine documentation of complications based on the Clavien-Dindo classification is not performed outside of study settings. Especially with regard to the low incidence of complications in inguinal hernia repair, future studies should use the Clavien-Dindo classification to achieve better comparability between studies, thus enabling better correlation with potential risk factors.
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